Indian manufacturing sector has been experiencing a sluggish growth since the last many years. The global manufacturing has undergone a paradigm shift in recent times relying on the growing network of supply chain. In the new manufacturing system, production is largely carried out through fragmentation-based vertical specialization.
In contrast, manufactures are more tangible and tradable and hence more dependable. Economic theories and empirical studies have already proved positive relationship between R&D expenditure, innovations, industrial change and growth. In the global market economy, ability of nations to create, absorb, and commercialize innovations determines their competitiveness . It is hypothesised that increased in-house R&D efforts and resultant industrial innovations could provide a sustainable solution to the stagnant growth of Indian manufacturing sector.
The world of manufacturing has witnessed a paradigm shift in recent times. In the new world of manufacturing it seems difficult for India to realize faster and inclusive growth target unless distortions in the manufacturing is sorted out. In fact there are a number of quality researches which have found probable causes of the dismal growth of manufacturing industries notably, as infrastructural bottleneck (Nagraj, 2011) , labour market rigidities (Kochchar et al., 2006) , financial constraints (Gupta et al. 2008; Bhattacharjee & Chakarbarty, 2013) , lack of R&D expenditure (Mani, 2009 ). This paper attempts to analyse the role of industrial innovations in spurring manufacturing growth and how R&D spending can influence the generation of in-house commercial innovations and entrepreneurship in the midst of changing world of manufacturing. The structure of the paper is composed of four sections. First section outlines the paradigm shift in the global manufacturing and explains why India failed to take advantage of growing fragmentation-based vertical specialization in manufacturing. In the next section current status and pattern of R&D spending in India"s industrial sector has been discussed. The third section examines positive connection between level of R&D spending and production engineering and shows how important countries of Asia have been able to grow their manufacturing at a faster pace. In the last section, conclusions based on author"s observations, logical arguments of experts and statistical evidences with policy prescriptions are mentioned.
It is now appropriate to spell out the paradigm shift in the global manufacturing landscape. The world of manufacturing has undergone structural change with the application of IT-enabled inputs and reduction of tariff barriers. The "scale" of operations has given place to growing networks of value chain as a source of competitiveness in many industries. The manufacturers are experiencing rapidly changing market characterized by shorter product life-cycle and proliferation of new product varieties. The producers have to engineer products quicker and cheaper in order to reap the competitive advantage. Enterprises are focussing on their core competence and outsourcing all other activities to specialized organizations which can deliver better and cheaper . There are certain products/sectors in India like auto-parts, pharmaceuticals, fine chemicals, IT manifesting considerable amount of capabilities required in global system. But India largely remained a minor player in global production networks and vertical specialization in manufacturing. Global production networks refer to the links between a lead or key firm and its supplies in different countries (Weiss, 2011) . In certain industries (e.g. electronics and automobiles), technology makes it possible to sub-divide the production process into discrete stages. In such industries, fragmentation of production process into smaller and more specialized components allows firms to locate parts of the production in countries where intensively used resources are available at lower cost. A high level of fragmentation (vertical specialization) based production process occurs when countries specialize in particular stage of a production sequence rather than in the entire good, has been an important factor in driving the growth of East-Asian countries. This type of production process is the result of increasing inter-connected production processes that form a vertical chain across many countries with each specialising according to factor intensities involved at different stages in production. Since this strategy involves processing or assembly of imported parts and components, the net domestic value added per unit of exported good is generally not very high. However, since the scale of operations is usually very high, the total domestic value addition from these activities is considerably high, contributing to employment generation for a large number of migrant workers in China. Based on imported parts and components, China has emerged as a global hub for the final assembly activities in manufacturing (Veeramani, 2013) . Unlike China, the surplus labour in India could not be transferred to modern sectors for employment in a large measure. China and other East-Asian countries have better positioned themselves with this type of high level of fragmentation (vertical specialization) based manufacturing with global production chains.
In contrast, India has been locked out of the vertically integrated global supply chains in manufacturing industries mainly because country"s incentive structures are not in alignment with its comparative advantage in unskilled labour intensive activities (Veeramani, 2013) . India is relatively skill and capital scarce country where about 33 % of population with no or primary schooling (unskilled labour) is abundant in 2010. Nevertheless, India"s manufacturing industries over the years followed relatively capital and skill-intensive path as evidenced from some important research work done by Kochchar et al (2006) , Panagriya (2008) and Krueger (2010) . The heavy reliance on import substitution and indiscriminate cheap industrial credit policy regime were cited as possible explanations. Desai (1982) concluded that India"s inward looking technology and trade policies did hinder her pace of technological innovations. This strategy of industrialization proved costly, time consuming and counter-productive. Moreover, it was not in tune with true comparative advantage of India in labour intensive production. Mani (2011: 16) while highlighting the importance of manufacturing said, "But history has shown us that most countries in the developed world and even in developing world (such as Korea, China and group of countries referred to as Asian Tigers) have all had sustained economic growth by focusing more on the manufacturing sector where output is more tangible and where most of the innovations are first generated." The lack of dynamism in labour intensive manufacturing is a matter of concern because it holds the potential to absorb large pool of unskilled labour. Though recent success stories of autoparts, chemicals, pharmaceuticals and IT products are high skilled and capital intensive, yet the kind of growth dynamism they have demonstrated is an example for Indian manufacturing. Their voluminous production backed by R&D efforts and organizational flexibility enabled them to respond to volatile global market. Their notable growth proved that mastering ability to manufacture innovatively, quickly and efficiently is the real strength to face the challenges of competition in a situation of fragmentation-based vertical specialization.
Status of Industrial R&D and Entrepreneurship
In the globalising market economy, the competitive strength of industrial sector in general and manufacturing in particular may greatly be influenced by the quantum and composition of the total investment made in the country"s R&D domain. The Gross Expenditure on Research and Development (GERD) to GDP ratio (R&D intensity) and patents are the most important indicators of innovativeness of a country. There are three classes of industry-level determinants of R&D intensity; demand, appropriability and technological opportunity conditions (Cohen and Levin, 1989) . Acquisition of technological knowledge is a deliberate economic activity like any other investment. Besides, the in-house R&D efforts, other sources of technological innovations are import of technology and knowhow from abroad as well as domestically. These sources operate as compliments or substitutes in the production of technological knowledge, and the firm maximises profits by choosing the degree to which it draws from each source (Raut, 1985) . Assuming in-house R&D activities as the only source of innovations, translation of R&D investment to creation of novel processes/products or improvements in existing products is a highly uncertain and complex process for a firm. This is because of indivisibility, unobserveability, public good and non-linear characteristics associated with the production of knowledge. The existence of knowledge spillover encourages private economic agents to under invest in R&D (Mani, 2009) . Therefore, the role of government in promoting investment in industrial R&D has increasingly been recognized even in market-oriented economies. A firm"s R&D satisfies two important functions; it not only generates new knowledge, but also contributes to the firm"s absorptive capacity. Absorptive capacity is the ability of a firm to recognize the value of new, external information, assimilate it and apply it to commercial ends (Cohen and Levinthal, 1990) . The entire innovation life-cycle from creation to commercial application is however very complex. Its conversion depends on the nature and size of enterprise, market structure, public policy and support for R&D investment.
As indicated in Table- 1, India"s GERD as a proportion of GDP was a meagre 0.88 % and out of which the share of industrial R&D was 30.4 % only. This is dismally low in comparison to industrially developed countries where it is above 2 % and over 50 % respectively. Moreover, the R&D expenditure as percentage of sales turnover for industrial sector taken together was 0.55 % which was quite less in relation to their advertising expenditure of 1.56 %. Whereas this amount as percentage of sales volumes for a number of developed countries varies between 3% and 4 % . Data in Table- 1 also reveals that almost stagnant GERD as GDP ratio is accompanied by a twofold increase in the industrial share from 14 % in 1991 to over 30 % in 2005-06. Table-2 shows that pharmaceuticals, transportation, chemicals and IT industries are the significant spenders on R&D contributing more than 65% of the total industrial expenditure. Of late, these products/industries have achieved highest growth rate in manufacturing sector. It is pertinent to note that in the industrial sector, much of the R&D was carried out by a few private sectors led by drugs and pharmaceuticals manufacturers. Private sector accounts for more than 80 % of the total industrial R&D investment in the country. For instant, R&D investments of private sector pharmaceuticals have been registering an increase of almost 35 % per annum. In other words, in terms of R&D performance, the private sector enterprises are moving towards the core of India"s innovation system (Mani, 2009) . While defence, space and oil industries consumed the bulk of the government expenditure. Though the government accounts about 65% of the total R&D performed in the country, the spill over of government research to civilian use is very limited in Indian context. On the other, the increase in the share of R&D performed by business enterprises tends to implement the results of their research rather more quickly than the government sector where much of the research does not fructify into products and process for the country as a whole (Mani 2013) . It may now be concluded that industrial sector R&D is concentrated in private sector pharmaceutical and fine chemical industries. The aforesaid statistical facts further reflect that country has a poor innovative culture to bring back buoyancy and dynamism much required in the major part of manufacturing industries.
India has no dearth of innovative and entrepreneurial ideas at the grass root level. But the process of translating the innovations into viable business enterprises where investment could be smaller and risk being higher is severely restricted. This is possibly why many successful business experiments do not reach scale due to inadequate training and mentoring. Socio-cultural reasons are also responsible for it. The genesis of innovation is human inventive traits shaped by culture. GoI, New Delhi, 2008. According to Indiresan (2004) , technological innovations are embedded in culture. The pace of industrial innovations and their absorption is slow in culture where people are traditional in outlook and risk-averse. Given the prevailing social values, people seldom regard business entrepreneurship as an instrument of wealth creation. There is a strong preference to job, especially government jobs, for reasons of social security and sense of sharing state power. The fact that the best of India"s engineering graduates do not work in industries is indicative of unfavourable environment. In other words, manufacturing has not been the attractive career option for talented youths (GoI, 2011). The Indian educational system has not adequately changed the mind set to inculcate values like strive to achieve, risk-prepared social behaviour, and scientific spirit essential to venture and run an enterprise. Further, R&D is still a least-preferred vocational choice among the educated class. In India, there are 140 researchers per million population as against 461 in Brazil, 926 in China, and 5546 in Japan . This reminds us to the declining trends of research in Indian universities which have met a limited success in industrial research and innovations. There is currently a shortage of science and engineering personnel required by the industries. It reflects that the higher education sector in India is not fulfilling science and technology needs of the manufacturing industry. However, the sector is an important source of human resource for the other actors in India"s national system of innovations (Mani 2009 ). There is a vast potential of first-generation entrepreneurs in the country, yet they largely deter to enter into manufacturing business due to certain perceived barriers. Dinesh Awasti et al. (2009) have listed some entry barriers of psycho-social nature faced by the first-time entrepreneurs such as negative self-image, low confidence, lack of initiative, poor entrepreneurial education and training, lack of business-related information, and low social status to entrepreneurial persuits. Thus, human and financial base of R&D framework needed to support manufacturing is weak in India.
Manufacturing and Growth Promise
Economic theory and empirical evidences have established that efficiency and profitability of the manufacturing sector can be enhanced with greater application of R&D inputs. Denison (1982) in his pioneering work, established that nearly two-third of America"s growth during the early stage of development was attributed to advancements in knowledge (R&D). Later, Lall (1983) and Raut (1985) found R&D activities crucial for industrial innovations and competitiveness. Data presented in Table- 3 put forth our argument with some force. The countries who have larger proportion of their GERD to GNP ratio, business R&D to GERD ratio, business R&D to sales turnover ratio, maintained a bigger proportion of manufacturing sector in national output composition. It can further be seen from the table-3 that more than fifty percent of R&D investment is funded by the business sector in industrially developed countries. In India, it is only 30.40 %, while this ratio is more than 70 % in case of Japan and 68 % in Germany. Their enterprises spent more than 2% of their sales volumes on R&D efforts. Whereas in India, it is mere 0.55 %, even less than the business R&D to advertising ratio. This indicates that innovative investment suffered and must have consequently reduced the competitive capabilities of industries in a fiercely competitive world (Singh, 2011) . The apparent positive association as depicted in the following table is, however, subject to in-depth examination. But information provided in Table- 3 drives home the point that manufacturing sector could be strengthened with better outcomes of commercial R&D. Besides the level of R&D expenditure, tax incentives to manufacturing industries can influence generation of business innovations. Mani (2008) empirically found that tax incentives did not have any impact on R&D except chemical industries and explained the lack of a significant relationship between R&D and tax foregone as a result of tax subsidy covering only a small part of R&D undertaken by the few industries. Table-4 very clearly indicates that pharmaceuticals, chemicals, auto-components and IT industries were investing in R&D as proportion of their sales volumes well above the national average of 0.55 %. They have realised a growth rate ranging between 9-12 % which is much higher than the growth rate of manufacturing sector. A closer examination of pharmaceuticals, auto-parts, chemicals and IT products has brought into focus certain common features. They are backed by frugal R&D innovations, voluminous and quickness in production, globally competitive prices and better organizational management. These success stories of Indian manufacturers can be applied to larger parts of manufacturing sector in spite of the fact that their production is capital and high skilled intensive. These firms are the role models in the manufacturing business and considered amongst the world leaders in "frugal innovations and frugal manufacturing" . A number of small manufacturers, especially in auto-parts in unorganized sector, are also contributing to quality production. Hence, there is a strong case for undertaking capacity-building exercise for a large number of small scale and micro-enterprises that have low technology and R&D intensity. These marginal business units termed as "cultural and creative" industries employ indigenous knowledge and entrepreneurial skills at low level. As already stated, flow of innovations is set by a given social milieu. It may however be nurtured through appropriate support mechanism and policy interventions. An attempt to encourage R&D investment in organizational knowledge, marketing strategies, entrepreneurial development and business education is a supply-augmenting measure. The re-engineering model of growth followed in SouthEast Asian economies is not suited, nor practically possible in modern India in the wake of TRIPS regime. What is important is the creation of an environment that allows entrepreneurs to freely search and identify opportunities in the vertically integrated global supply chains of various industries (Veeramani 2013) . The emerging production system has growth implications in tasks such as low-end assembly activities, back-end engineering, and components production which require low amount of capital and skill, if linked with the networks. while the global manufacturing system has undergone drastic changes. The comparative cost advantages in terms of scale of operations have been replaced by growing network of production value chains. In the new world of manufacturing, countries engage in production and trade by specializing at the level of distinct product lines and process within each industry and outsource the rest to regions/countries where it could be produced cheaper and more intensively. The paradigm shift has stressed on the capabilities to engineer products quickly, cheaper and at low costs as the critical sources of competitive advantage in the global production networks. Evidences revealed that India played a minor role in this high degree of fragmentation-based vertical specialization in production. India"s growth pattern in the past had a bias in favour of relatively skill and capital intensive production. This was not in alignment with the country"s true comparative advantage in unskilled labour intensive manufacturing. The growth trajectory of India"s manufacturing sector requires to improve competitiveness in order to speed up pace and enlarge its size beyond 15 % of GDP. In a global and liberal economic environment, R&D activities are crucial for growth and competitiveness of manufacturing industries. Innovation-led growth is more stable and autonomous. Inhouse Innovations in goods and processes can be instrumental to boost efficiency, profitability and market share. Available statistics indicate that Gross Expenditure on R&D (GERD) to GDP ratio of 0.88 % is quite low in relation to comparable countries like China, Korea, and Taiwan. Indian business units seem to be complacent to R&D efforts as shown by poor business R&D to GERD ratio, R&D to sales ratio as compared to Japan, Germany, and South Korea known for their innovation-led manufacturing. This underlines the need to raise R&D investment in the country in general and business enterprises in particular by way of more wide-spread tax incentive schemes, for instance, to meet the challenges of rapidly changing global production environment. Indian pharmaceuticals, IT, chemicals and auto-parts industries have recently achieved massive growth supported by their R&D efforts. They have emerged as leaders and role models in R&D and manufacturing. The success model of these industries is replicable and feasible in the large array of Indian manufacturing industries including traditional and small scale industries which have much room for R&D to strongly present their upgraded, diversified and exclusive products in the global market. India has no dearth of innovative ideas at the grass root level, yet the rate of conversion of these ideas into viable business is low due to lack of risk-taking ability, resources and patronage. There is vast untapped potential of young entrepreneurs who confront a lot of psycho-social barriers at the entry level. As innovations are policy-determined, promoting quality education to foster entrepreneurial values, risk-taking preparedness and business-linked skills may be long term supply-centric measures. The consequent increased participation in global production network is, therefore, key to the strategy to lead the manufacturing on the sustainable growth path.
